Introduction
Host-guest supramolecular chemistry is remarkable for the welldefined and predictable nature of the complexes due to designed complementarity.
1 To properly delineate a host molecule's guest preferences, a detailed understanding of the size, shape and conformational behaviour of the host is required. These parameters for any base scaffold can be further modulated by substitution through both the stereoelectronic effects of the substituents and non-covalent interactions driven by the introduced functional groups. Resorcinarenes are macrocyclic host systems that are widely exploited in host-guest chemistry for their bowl-shaped C 4v geometry.
2 Synthetic modification at either the upper or lower rim of the resorcinarene bowl induce significant conformational changes, and allow for the required flexibility to access various applications.
2 Finally, the choice of operating solvent and guest molecule can induce further conformational changes in the hosts through either inter-or intramolecular non-covalent interactions; this further increases the complexity of this class of constructs.
2
Our current campaign is focused on characterizing the host-guest relationships between resorcinarenes and aromatic N-oxides.
3
Aromatic N-oxides are well-known intermediates for the synthesis of functionalized pyridine compounds. 4 Aromatic N-oxides are also very well-established ligands in metal coordination chemistry, 5 and because of this importance, are becoming common guests in hostguest chemistry. 6 However, resorcinarenes as host systems for Noxides remain rare. 3c-f Recently, we investigated a series of hostguest complexes arising from various aromatic N-oxides and C-ethyl-2-methylresorcinarenes (MeC2, Fig. 1 ) by comparing their behavior in both the solution and solid state. 3 From these studies, we found that the C-H•••π interactions lock the host and guest aromatic rings together, with the N-O group positioned above the upper rim of the resorcinarene bowl. During host-guest complexation processes, the position of endo-guests, defined by the distance between the closest non-hydrogen atom of the guest to the centroid of the lower rim carbons of the host, is used to estimate and compare the strength of the affinity interaction within various aromatic N-oxides@MeC2 complexes. 3 This knowledge allowed us to tune the coordination sphere of copper(II) by using MeC2 as a protecting group.
3b
These MeC2-N-oxide complexation processes are driven by a combination of both the conformational freedom of the MeC2 cavity and the acidity of the N-oxide guests' aromatic hydrogens. The wellestablished flexibility of MeC2 is mainly due to the sterically undemanding methyl group at the lower rim.
1,2a-c However, the reduction of the acidity of the hydroxyl group hydrogens due to the electron-releasing 2-methyl substitution should not be overlooked. To improve selectivity of resorcinarene macrocycles for Noxide guests, and to complement our previous studies on flexible electron-rich MeC2 systems, we report here investigation of the interaction of the conformationally more rigid BrC2 with the eleven aromatic N-oxides (Fig. 1.) . Although resorcinarene host-guest chemistry is a well-established field, the Cambridge Structural Database (CSD) contains only two BrC2 examples (one from our group); 9 consequently, the structural behaviour and host-guest chemistry of this promising electron deficient system remains understudied.
9
Results and Discussion
The complexes are synthesized by mixing a 1:4 molar ratio of host and guest molecules in acetone at room temperature, heating the reaction mixture to dissolve all the reagents at 50 °C, and then hot-filtering the solution to remove any insoluble aggregates. Slow evaporation of the resulting filtrate provides single crystals suitable for X-ray crystallography. In the case of 11, attempts to obtain crystals from acetone were unsuccessful; however a 1:1(v/v) mixture of acetone and methanol provided the required crystals. The BrC2 itself crystallized from acetone is a halogen-bonded (XB) complex (Fig. 2) 
Endo-and exo-cavity complexes
Complexes with simple pyridine-N-oxide (1@BrC2), and the ortho-and meta-methyl substituted derivatives (2@BrC2 and 3@BrC2 respectively) all crystallized in the triclinic space group P-1. The asymmetric units contain a host BrC2, and both endoand exo-cavity N-oxide guests (Fig. 3a-c) . Each complex incorporates acetone in the lower rim through C=O•••H-C interactions similar to that in the guest-free acetone@BrC2 (Fig.  2) . In 1@BrC2, guest 1 sits inside the cavity at a position of 3.08 Å from the centroid of the lower rim carbon atoms; different from 2@BrC2 [3.31 Å] and 3@BrC2 [3.31 Å], suggesting that the increased steric demands of the methyl substituent significantly influence the position of the guest. Interestingly, the two methyl N-oxide complexes behave quite similarly as only a slight change in the orientation of the guest is apparently required to compensate for the location of the methyl group. Note that the orientation of endo-cavity guests 2 and 3 is anti-parallel to the host aromatic rings. The position and effect of the substituent on the aromatic N-oxide guest is clearly observed in 4@BrC2, where the 4-methyl substituent in 4 resides deeper [2.55 Å] than the para-carbon in guest 1. Consequently, the C-H Clearly, the presence of the three methyl groups in 5 create such a large sterical demand that prevents any possible endo-complex. On the other hand, although the geometry of the C-O-CH 3 in 6 is structurally similar to acetone [ Fig. S1 ], and somewhat similar to 4, the larger -OCH 3 group seems to be incompatible with the small inflexible BrC2 cavity and appears sufficient to prevent endo-complexation. In the case of 7 [ Fig. 3g ], a combination of the rod-like shape of the ligand and the rigidity of the BrC2 cavity may account for the exo-complexation preference.
This cavity intolerance for elongated ligands is also observed for (acetone@BrC2) •8, (acetone@BrC2) •10 and (acetone@BrC2) •11 [Fig. 3h, j, k] . Guest 9, quinoline-N-oxide, forms an endo-complex [ Fig. 3i ], while isoquinoline-N-oxide 8 is structurally too hindered to fit inside the cavity. Moreover, although 9 does reside inside the cavity, the position, 3.75 Å from the centroid of lower rim, suggests that the increased steric bulk of benzo-fused aromatic N-oxides interferes with the endo-complexation.
Comparison of the host-guest complexes of MeC2 and BrC2
Our recent report showed a good correlation between the single-crystal X-ray structures and calculated Spartan model structures. 3e We were unable to crystallize BrC2 complexes of 2-picolinic acid N-oxide (12) , N-methylmorpholine N-oxide (13), 2-iodopyridine N-oxide (14), or 2,2¢-bipyridine N,N¢-dioxide (15); however we do not believe that this indicates a failed synthesis. Consequently, using molecular modelling 12 we Fig. 3 Top-down views showing the endo-and exo-complexation in X-ray crystal structures of (a) calculated the preferred conformation of the complexes of these four ligands with BrC2 along with those formed by the other guest molecules, and compared them with the same parameters obtained when using the more flexible MeC2 system (Table 1) . Guests 4, 6 and 8 were not investigated with MeC2, and their respective host-guest complexation parameters provided in Table 1 When X = CH3 (Previous study) Fig. 7h . The shortest C-Br•••p distances in two p-systems being 3.34 Å and 3.42 Å, respectively. Consequently, the BrC2 cavity and 4 mutually distort from an ideal conformation to accommodate the additional lower rim guest 4. This hypothesis is supported, and may be explained by: (a) from Table 1 , the inter-A-C ring distance attains a maximum spacing of 6.94 Å, a bigger separation than adopted by the other endo-complexes; (b) the endo-guest 4 positions to the corner as shown in Fig. 7g rather than aligning with the "sides" of the cavity as in Figs Exo-complexes (acetone@BrC2)•5 and (acetone@BrC2)•6 both contain two crystallographically distinct acetones. In both complexes ( Fig. 8a and 8b (Fig. 9c) , assisting the endo-acetone molecules to create the 1-D columnar stacks. The resulting arrangement brings adjacent BrC2 hosts closer together allowing for three distinct C-Br•••π interactions with distances of 3.29 Å, 3.42 Å and 3.48 Å (Fig. 9d) . The centrosymmetric exo-guest 7 in (acetone@BrC2)•7 plays the same role as acetone in (acetone@BrC2)•8; both reside passively, but close, to the BrC2 host (Fig. 9a&c, red 
Conclusions
This study reports and analyzes 13 X-ray crystal structures of the host C-ethyl-2-bromoresorcinarene (BrC2), and its host-guest interactions with aromatic N-oxides. The C-ethyl-2-bromoresorcinarene is only capable of forming endo-complexes with small aromatic viz., 4, 4, propane N,N'-dioxide are unable to be accommodated by the BrC2 cavity, which is occupied by acetone instead. In the guest-misfit complexation process, the acetone molecules organize the hosts to generate 1- The centroid-to-centroid distances between the aromatic rings of Cethyl-2-bromoresorcinarene and C-ethyl-2-methylresorcinarene (MeC2) were calculated using density functional theory or measured from the X-ray crystal structure to compare the cavities' conformational flexibility. During endocomplexation, C-ethyl-2-bromoresorcinarene crystallizes with one complete molecule in the asymmetric unit and maintains a conformationally rigid and small cavity; however, it prefers to act as a centrosymmetric host in exo-complexes. As a result, the exo-complex host cavities display centroid-to-centroid distances between the aromatic rings greater than those seen in the endo-complexes. This small BrC2 cavity forces 1,3-bis(4-pyridyl)propane N,N'-dioxide to adopt a more stable anti-anti conformation adjacent to the cavity, while it preferred to adopt an anti-gauche conformation in its endo-complexation with the larger cavity of C-ethyl-2-methylresorcinarene. These two resorcinarenes, BrC2 and MeC2 form a complementary pair as the former is more selective than the latter due to its reduced flexibility and resulting smaller cavity size. This differential selectivity could form the basis for a number of potential diagnostic applications.
